Coal power generation in China and India is expected to double and triple, respectively, over the next 20 years, increasing exposure to fuel price volatility, exacerbating local air pollution, and hastening global climate change. Concentrating solar power (CSP) is a growing source of utility-scale, pollution-free electricity, but its potential in Asia remains largely unexamined. High-resolution spatial data are used to identify areas suitable for CSP and estimate power generation and cost under alternative land-use scenarios. Total technical potential exceeds current coal power output by a factor of 16 to 23 in China and 3 to 4 in India. A CSP expansion program and attendant transmission requirements are simulated with the goal of providing 20 percent of electricity in both countries by midcentury. Under conservative assumptions, the program is estimated to require subsidies of $340 billion in present dollars; coal-associated emissions of 96 GtCO2eq are averted at an average abatement cost of $30 per tCO2eq. Estimated costs are especially sensitive to the assumed rate of technological learning, emphasizing the importance of committed public policy and financing to reduce investment risk, encourage expansion of manufacturing capacity, and achieve long-term cost reductions. The results highlight the need for spatially explicit modeling of renewable power technologies and suggest that existing subsidies might be better used through integrated planning for large-scale solar and wind deployment that exploits spatiotemporal complementarities and shared infrastructure.
I. Introduction
Concentrating solar power (CSP) refers to a class of utility-scale technologies that use sunlight and mirrors to generate electricity via steam turbines or Stirling engines (Figure 1 ). Given the abundance of solar energy and the comparative simplicity of required engineering and materials, CSP is a potential source of low-cost, renewable power in areas with appropriate terrain and radiation (Trieb et al. 2005; Richter et al. 2009; Staley et al. 2009 ). More than 500 MW of generating capacity are operating worldwide and more than 1,000 MW are under construction (NREL 2010) . In California, authorities are reviewing plant proposals totaling nearly 5,000 MW and land permitting requests have been received for an additional 24,000 MW (CEC 2010) .
CSP is also growing in Europe and North Africa, where the Union for the Mediterranean Solar Plan has called for the deployment of 20,000 MW by 2020. In December, the World Bank Clean Technology Fund approved $750 million in financing to support the deployment of 1,000 MW in five North African countries, with the aim of promoting cost and risk reductions. Proposals for rapid scale-up in the Mediterranean could make power generated in North African deserts and exported via high-voltage transmission lines cheaper than European coal power within a decade given moderate public subsidies (Ummel and Wheeler 2008; Williges et al. 2010 ).
In China and India, where business-as-usual scenarios project CO 2 emissions from coal-fired power plants to nearly double over the next 20 years, the need for large-scale, cost-competitive, clean electricity is urgent (IEA 2009 ). Both countries have outlined ambitious plans for solar power expansion, prompting growing interest in CSP (Hang et al. 2008a; Hang et al. 2008b; Hou et al. 2009; Li 2009; Zhou and Yang 2009; Purohit and Purohit 2010; Wang 2010) . Partnering of domestic and foreign firms is emergingTata and BP in India; Penglai Electric and eSolar in China, for example -to facilitate the transfer of established CSP technology to these rapidly growing markets (Bradsher 2010; Purohit and Purohit 2010) .
Recent efforts to estimate global potential show that China and India contain areas with suitable terrain and solar radiation, but detailed analyses of technical and economic feasibility are lacking (Breyer and Knies 2009; Trieb et al. 2009 ). This study provides an in-depth assessment of CSP potential in China and India using high-resolution spatial data for site selection and modeling of plant performance, assessment of alternative land-use scenarios, estimation of generating costs, and simulation of transmission requirements. The results are used to estimate the costs and GHG abatement of an illustrative CSP expansion program that provides 20% of Chinese and Indian electricity by midcentury.
II. TECHNICAL POTENTIAL

Data and methodology
The European Space Agency's Globcover product provides composite land cover classification at a cell resolution of ~300 meters (10 arc-seconds), allowing for high-resolution screening of potential CSP sites (Bicheron et al. 2008) . Additional spatial screens were created from secondary datasets with native ~1 km resolution. Geomorphological features like sand dunes, rock outcrops, salt flats, and glaciers were excluded, as were areas with terrain slope greater than 3% or population density above 150 persons per km 2 ; safety buffers were applied to treacherous landforms or areas with evidence of water, flooding, or artificial surfaces (Verdin et al. 2007; ORNL 2008; FAO et al. 2009 ).
Suitable areas were identified according to three land-use scenarios. Scenario 1 is the most stringent, only allowing construction on ground that is bare or covered with sparse or herbaceous vegetation and excluding reserves, parks, and other protected areas (IUCN and UNEP 2009) . Scenario 2 is the same as Scenario 1 but allows construction in protected areas. Scenario 3 is the same as Scenario 2 but also considers rainfed cropland. All other spatial screens (terrain, population, etc.) are the same across scenarios.
Hourly weather data were procured for about 2,000 sites globally, from which 40 were identified as representative of potential CSP locales. For each site, NREL's Solar Advisor Model (SAM) was used to simulate the cost-minimizing design and performance for a dry-cooled, parabolic trough CSP plant (Gilman et al. 2008) . Regression analysis of results was used to estimate capacity factor and a relative cost index on the basis of site-specific solar radiation and latitude (Figures A1 and A2 in Annex) . Data for average annual solar resource (direct normal irradiance) are modeled values derived from satellite and surface observations and are accurate to within approximately 10% of the true value (NREL 2005) .
1 Land requirement is assumed to be constant across locales and is based on current proposals in California that suggest a 250 MW parabolic trough plant will require approximately 6.5 km 2 . See the Annex for details.
Results of overlay analysis
Figures 2 through 5 show the spatial distribution of potential CSP sites for each of the three land-use scenarios in China and India and high-resolution insets for Beijing and Delhi. Note that the images display the additional terrain available under Scenarios 2 and 3. Insets for other urban areas are available in the Annex.
1 Cells with average DNI below 4.7 kWh/m 2 /day were considered un-exploitable and were not included. Total technical potential Table 1 reports national totals for potential CSP area and power output and the coal power generating capacity required to deliver an equivalent amount of electricity. The Annex provides totals by province. Potential output in both countries is much lower than that estimated by Trieb et al. (2009) -60% lower in China and 80% lower in India. About two-thirds of the difference in China and 95% of the difference in India is apparently due to different land-cover data and/or more restrictive land-use requirements (e.g. safety buffers near water and geomorphologic hazards and exclusion of areas not part of contiguous tracts). The remaining differences are presumably due to different solar radiation data, modeling of plant performance, and assumed space requirements.
III. SPATIAL DISTRIBUTION OF SUPPLY
Proximity of supply to urban centers
The distance of CSP potential from demand centers is an important consideration. There are two options for power transmission over distance: high-voltage alternating current (HVAC) or direct current (HVDC). HVAC is typically the least-cost option for distances up to 500-800 km (Meah and Ula 2007) . Large-scale CSP deployment will likely require dedicated HVDC infrastructure to exploit remote areas and integrate regional power grids, but initial CSP projects could attempt to utilize existing transmission infrastructure where possible, placing a premium on sites close to demand centers. Figures 6 and 7 report the proximity of potential CSP production to select cities in China and India for distances up to 300 km, assuming land use Scenario 1. 
Distribution of generating costs
For a given level of capital and operating costs, the levelized cost of electricity (LCOE) for CSP plants exhibits a log-log relationship with available solar radiation and latitude (implied in Figures A1 and A2 in Annex). The corresponding absolute cost is difficult to estimate, especially since there is little experience with projects in China and India. Using reported capital costs from the ANDASOL-1 (trough) and PS-10 (tower) CSP plants in Spain, Purohit and Purohit (2010) calculate a LCOE of ~20 cents per kWh for areas in India's Rajasthan state. Costs reported by Williges et al. (2010) translate to a LCOE of ~21 cents per kWh for similar locales.
Actual costs are likely less due to lower in-country material and labor prices; reported capital costs for coal and gas power plants are 15-25% lower in India than in the U.S., and Chinese wind turbines cost ~30% less than in the U.S. (DOE 2008; ESMAP 2008; McElroy et al. 2009) . A possibly conservative assumption of 15% lower in-country costs give a LCOE of ~17.5 cents per kWh for Rajasthan and is used to anchor the modeled relative cost index (17.5 cents per kWh 0.9 index value).
Figures 8 and 9 show the density distribution of generating costs for each of the land use scenarios. This is the cost of electricity without considering transmission. China exhibits a bimodal distribution, with large quantities of low-cost potential in high-radiation sites on the Tibetan Plateau and a vast amount of more costly generation potential to the north. Radiation levels on the Tibetan Plateau are exceptional and drive the 30-40% lower LCOE than that estimated elsewhere in the country, though much of this potential is in protected areas. India's potential is concentrated in the Thar Desert region, but significant amounts are also available on rainfed cropland in northeast Gujarat. A relatively small but still significant amount of low-cost potential exists in the Ladakh region of Jammu and Kashmir.
Figures 8 and 9: Distribution of potential generating cost in China (left) and India (right)
The levelized cost estimates presented throughout this paper assume that CSP construction costs do not differ across locales; that is, differences in the LCOE index are determined solely by the modeled relationship between solar radiation, latitude, and plant efficiency. In practice, some locales will face sitespecific conditions (lack of transport access or nearby labor supply, for example) that impact costs and are not captured here.
IV. COST OF TRANSMISSION
Data and methodology
The economic potential of a given CSP locale depends on the tradeoff between on-site efficiency and offsite transmission costs. This tradeoff can be tested explicitly by estimating the cost of transmission between sites of supply and demand. Determining transmission requirements for large-scale, costeffective CSP deployment ideally incorporates detailed data on the location, capacity, and loads of existing transmission infrastructure. In the absence of such data, a necessarily simplified algorithm was developed to approximate the additional cost of transmitting electricity from potential CSP sites to consumption centers under cost-minimizing conditions. The algorithm requires information on the spatial distribution of electricity demand. The magnitude of stable nighttime light detected by satellites has been correlated with electricity consumption and is used here to allocate national consumption across grid cells (Amaral et al. 2005; Chand et al. 2009; Letu et al. 2009; NOAA 2009 ). After initial allocation, demand is summed at the provincial level and compared to official data; estimated and actual values show high correlation, suggesting nighttime lights is an acceptable predictor (Figures A4 and A5 in Annex). Grid cell estimates are then adjusted so that provincial totals match official data (see Annex for details). In order to capture the effect of rising electricity demand over time, projected changes in the spatial distribution of population in 2025 are used to "scale-up" present day electricity demand (Hachadoorian et al. 2007 ). The resulting data show the estimated location and magnitude of power consumption in 2025 and are used as the basis for allocating CSP supply.
The straight-line distance between every pair of supply (potential CSP sites) and demand cells was calculated, and the supply cell's modeled LCOE index value was revised upward to reflect the additional costs of transmission infrastructure, load balancing, and power losses for the distance in question (see Annex for details and cost assumptions). The algorithm begins with the lowest-LCOE pairing and allocates output to the demand cell, updating remaining supply and demand data before proceeding to the next least-cost pairing. It is assumed that no more than 50% of demand in a given demand cell can be met with CSP.
Cost of supply curve
Results from the transmission simulation provide an estimate of the relationship between the cost of delivered electricity and cumulative CSP output, providing insight into the economic potential of largescale CSP deployment. The marginal cost of deployment rises as total (cumulative) CSP output increases and the best locales are exploited. Figures 10 and 11 show the results for China and India under alternative land-use scenarios.
Figures 10 and 11: Simulated CSP supply curve for China (left) and India (right) given current costs
Experience with solar and other alternative energy technologies shows that capital costs typically fall 5% to 20% for every doubling of installed capacity (Junginger et al. 2008; Neij 2008) . For an emerging technology like CSP, experience and economies of scale obtained at early stages of deployment can quickly drive down costs. The initial slope of the supply curve is important, because it determines how costly the learning period will be. In this respect, China has a considerable advantage with supply of ~500 TWh per year exploitable at costs up to 16 cents per kWh. In contrast, the cost of supply increases sharply in India before leveling off at about 19 cents per kWh at ~150 TWh per year.
Differences between land use scenarios are also of interest. In China, there is an advantage offered by sites in protected areas, mainly on the Tibetan Plateau, once exploitation exceeds ~500 TWh per year. In India, protected areas offer a small advantage at lower levels of deployment; rainfed cropland near population centers becomes an important means of restraining costs beyond ~400 TWh per year. With the exception of some protected areas in the Ladakh region, competition among land-use scenarios at low levels of deployment is minimal; initial construction on barren land is economically (and, most likely, environmentally) optimal.
Potential transmission flows
The transmission simulation provides information on the approximate flow of CSP electricity given the assumed cost structure and spatial distribution of supply and demand. Figures 12 and 13 show the simulated distribution of CSP output, consumption, and primary transmission flows under a CSP expansion program described in the following section. The results should not be interpreted as recommended transmission lines or corridors; they are meant only to show the major flows between regions. Actual transmission requirements depend upon the complex interaction of regional grids and local geography that are not captured here. The results for China reveal concentration of generation on the Tibetan Plateau, where higher efficiencies and lower generating costs offset the additional cost of transmission to eastern cities. Three primary, longdistance transmission flows bring power from the plateau to the Hong Kong, Shanghai, and Beijing areas.
Shorter distance transmission moves a large amount of power from limited sites in Inner Mongolia to population centers in Shanxi and Hebei. The western urban centers of Kashi and Urumqi utilize CSP output generated within Xinjiang. India exhibits high concentration of generation in the Thar Desert region, with considerable long-distance transmission to major population centers in the south and east. A large amount of Indian CSP output is consumed in Delhi, Haryana, and Punjab, drawing upon supply sites in both Rajasthan and Jammu and Kashmir. Population centers in Gujarat are also well positioned to extract power from Rajasthan. At higher levels of deployment, utilization of rainfed cropland becomes economically feasible (Figure 11 ), leading to smaller-scale generation in the south and center of the country.
Figures A14 and A15 in the Annex plot the relationship between cumulative CSP supply and the distance from production to consumption sites for each transmission dyad. The results show very different patterns between countries. Much of India's early CSP deployment requires relatively short linkages between supply and demand (typically <500 km); only beyond cumulative production of ~600 TWh per year do 1,000 km or longer linkages become desirable. China's deployment, on the other hand, utilizes longdistance (>1,500 km) transmission almost from the start, consistently moving large amounts of power from western production sites to eastern cities.
V. COST OF RAPID DEPLOYMENT
Data and methodology
A key question is whether alternative energy technologies like CSP can be driven down the "learning curve", reducing costs over a short period of rapid deployment and eroding (or possibly eliminating) the financial advantage of coal power. An illustrative expansion program is simulated, whereby CSP meets 20% of power supply in both countries by the end of a 30 year period. This amounts to total deployment of ~1,000 GW (~2,100 TWh per year) in China and ~500 GW (~1,000 TWh per year) in India, following the expansion schedule in Figure A6 .
The default power supply technology is supercritical coal combustion. Reported capital costs and "reference" (medium-variant) coal price projections give a present-day LCOE of 4.7 cents per kWh for new builds (Chen and Xu 2010) . Supercritical technology is considered mature, and no capital cost reductions occur over time. The cost of steam coal changes according to extrapolation of IEA scenarios (low, reference, and high), resulting in an uncertainty band around the reference scenario through time. Costs are assumed to be equal in China and India.
CSP begins at the previously determined reference cost of 17.5 cents per kWh without transmission for an index value of 0.9; an uncertainty band of +/-15% is included. Results of the transmission simulation are used to deploy CSP in a cost-minimizing manner. The levelized cost of new builds changes over time according to the net effect of the assumed learning rate and program expansion (-) and movement up the supply curve (+) as prime sites are utilized. Despite the assumption of falling capital costs in response to deployment, it is possible for the cost of new builds to increase over time if the supply curve is sufficiently steep.
The cost differential between coal and CSP is covered by public subsidies and amounts to a preferential feed-in tariff for the 30-year life of a plant based on the cost gap at the time of construction. Consequently, program costs continue beyond the 30-year period of CSP construction as plants receive payments throughout their operating life.
Averted coal plant emissions are assumed to be 913 kg CO 2 per MWh (Wang and Nakata 2009) . In addition to this direct mitigation is the indirect avoidance of GHG emissions associated with upstream (coal mining, transport, and plant construction) and downstream (decommissioning and waste disposal) processes over the lifetime of a counterfactual coal plant. Estimates of the indirect component are less certain; 175 kg CO 2 eq per MWh is taken as representative of existing studies (Weisser 2007) . Lifecycle emissions from CSP operation are thought to be ~50 kg CO 2 eq per MWh, giving a net abatement of 1,038 kg CO 2 eq per MWh (Piemonte et al. 2010) .
Expansion program results
Figures 14 through 17 report complete model results for China and India. A learning rate of 10% is assumed and a discount rate of 7% used in all calculations of present value. The financial and abatement calculations (right side) assume the reference cost scenario.
Figures 14 and 15: Expansion program results for China (10% learning rate, 7% discount rate) Figures 16 and 17: Expansion program results for India (10% learning rate, 7% discount rate)
Under the reference cost scenario and a 10% learning rate, the total cost (required subsidization) of the expansion program is ~$340 billion in present dollars (62% in China; 38% in India). Since the costs are spread over 60 years, the nominal cost is far higher (~$2.5 trillion) and amounts to subsidizing one-third of the total cost of CSP over the life of the program. 4 To put these figures in comparison, consider that the highest annual subsidies occur in year 30 at a cost of $53 billion in China and $32 billion in India. Even if the populations of those countries paid the full bill, it would amount to perhaps a 0.15% reduction in per capita income in 2045.
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The levelized cost of new CSP builds (including transmission) falls about 40% in both countries over the course of deployment. On the basis of the learning rate effects alone, one would expect the cost to fall about 60%, implying that treating CSP potential in a spatially explicit manner -that is, taking into account the constraints imposed by the spatial distribution of CSP supply and demand -offset one-third of capital cost reductions over time. This can be seen most clearly in Figure 16 , where the cost of new CSP builds in India increases substantially after program year 10; this corresponds with a sharp increase in the supply curve (Figure 11 ).
Total GHG emissions averted are ~96 GtCO 2 eq over the life of the program -equivalent to more than 12 ppm of atmospheric CO 2 . The average cost of abatement is ~$30 per tCO 2 eq in present dollars. The cost of abatement (nominal) declines rapidly over time, from an initial cost of ~$90 per tCO 2 eq to $22-$27 per tCO 2 eq by year 60. The behavior of the abatement cost over time highlights the effect of early funding for technologies with high potential for cost reductions over time.
Uncertainty, diurnal pricing, and co-benefits
Results vary considerably depending on the assumed learning rate and cost trend. For the default learning rate of 10%, assuming low steam coal and high initial CSP costs increases total subsidies by ~85% relative to the reference scenario. Assuming the reverse cost structure reduces subsidies by ~75%. This is not surprising given the ~30% difference between high and low cost assumptions for both steam coal and initial CSP construction costs. The probability of such extremes should be considered low, however, given the unlikelihood of CSP and coal costs exhibiting a strong negative correlation.
The more important source of uncertainty is the assumed learning rate, which, along with the supply curve, determines the degree of CSP cost reduction over time. A value of 10% is typically reported as reasonable learning rate for CSP and other renewable energy technologies based on their experience so far. Assessment of published learning rates for wind power gives the probability distribution in Figure A7 in the Annex and suggests a mean value of ~12.5% (Junginger et al. 2008; Kahouli-Brahmi 2008) . Assuming wind is an appropriate comparator, this learning rate results in a total program cost of ~$180 billion in present dollars and an abatement cost of ~$16 under reference cost assumptions. Figure 18 summarizes total program and abatement costs under varying cost and learning rate assumptions; the dark horizontal lines refer to the reference cost scenario.
At learning rates above ~14%, assuming reference case costs, CSP achieves cost parity with coal in both countries before the end of expansion. At a 15% learning rate, Chinese CSP reaches parity at about program year 15; India in year 20. This is a critical point as no subsidies are required beyond it; the cost of program-wide abatement is almost negligible in such cases since emissions averted after parity are the indirect result of cost reductions spurred by earlier subsidies. Figures A16 through A19 in the Annex report expansion program results for the case of a 15% learning rate. Using learning rates calculated from past and comparatively limited experience to project cost reductions 30 years into the future is an admittedly tenuous proposition that ignores the particular circumstances of manufacturing, procurement, and policy. Nor is it clear that the total increase in CSP capacity in Asia should drive cost reductions in both China and India, as is assumed here. Perhaps efficiency and manufacturing improvements will be entirely local, with little experience sharing between countries -or perhaps the global expansion of CSP, driven by deployment in the U.S. and Mediterranean, will demand the mass production of key CSP components, reducing costs more quickly.
It is also admittedly unrealistic to suppose identical demand curves for CSP and coal, as is the implicit assumption here. In both China and India, CSP potential is generally located west of major demand centers (often by a few hours), allowing production to coincide with midday and early evening peak use periods. In the European context, where time of use pricing is common, the resulting discrepancy in average revenue per kWh between coal and CSP significantly benefits the latter's financial outlook. 6 Though retail power prices in China and India may exhibit little diurnal variation, this is unlikely to reflect the underlying economic cost of peak-time generation and reflects an indirect subsidy to coal power that could be redirected to CSP.
Reduced coal power generation also improves air quality, primarily via reduced particulate matter. Studies of air quality co-benefits in response to GHG mitigation estimate a median benefit of $43 per tCO 2 averted in developing countries (Nemet et al. 2010) . Markandya et al. (2009) estimate reduced health costs of ~$6 and ~$46 per tCO 2 averted in China and India, respectively. This translates to indirect savings in India of ~$150 billion in present dollars over the course of the CSP expansion program, more than offsetting total subsidies. Smaller but still significant savings of ~$40 billion occur in China, offsetting nearly 20% of subsidies.
An additional benefit is reduced water consumption. Dry-cooling of turbine exhaust significantly reduces water needs of steam-based CSP plants. Total water demand of dry-cooled systems (as modeled here) is only 6 to 10% of wet-cooled CSP alternatives or conventional coal or nuclear power stations (DOE 2010) . It is possible to imagine on-site rainfall collection and storage, using the solar arrays for catchment while in the stowed position during downpours. Assuming one-quarter of rainfall is captured, meeting parabolic trough water requirements would require annual precipitation of at least 100 mm. Overlay of precipitation data suggests that more than 99% of potential CSP sites in India exceed this minimum. About one-half of Chinese sites do, with exclusion limited to remote areas in the northwest.
V. CONCLUSION
Total technical CSP potential is estimated to exceed current coal power output by a factor 16 to 23 in China and 3 to 4 in India. The expected cost of generation varies considerably across locales; the largest source of low-cost CSP is the Tibetan Plateau (China), followed by the Thar Desert (India). A necessarily simplified simulation of transmission requirements and costs results in different patterns of least-cost deployment. China requires long-distance transmission from the Tibetan Plateau to eastern consumption centers, though limited sites in Inner Mongolia provide significant power to areas around Beijing. India is able to exploit overall greater proximity of supply and demand, requiring long-distance transmission from Rajasthan to the south and east only at later stages of deployment.
Modeling of a CSP expansion program designed to provide 20% of power in China and India by midcentury suggests the cost of delivered electricity (including transmission) declines ~40% over 30 years, assuming a learning rate of 10%. Future costs are about one-third higher than predicted by the learning rate alone due to the use of supply curves that account for utilization of increasingly higher-cost sites.
Under a moderate cost scenario, the expansion program requires subsidies of ~$340 billion in present dollars. Greenhouse gas emissions of 96 GtCO 2 eq are averted, with the cost of abatement declining from ~$90 to ~$22 per tCO 2 eq over the course of the program, yielding a project-wide abatement cost of $30 per tCO 2 eq. Assuming an alternative learning rate comparable to the past experience of wind power (~12.5%) reduces costs by nearly 50%.
These values are subject to considerable uncertainty, especially concerning the degree of technological learning in response to rapid deployment, but the large technical potential suggests CSP could play an important role in the energy futures of both China and India. Existing solar power targets are small compared to the available resource. In India, for example, the government plans to install 20 GW of solar power by 2020 and 200 GW by midcentury; this analysis suggests CSP alone could reach far higher levels of penetration.
With respect to GHG mitigation, the long-term, marginal cost of abatement in the reference scenario compares favorably with economy-wide estimates and suggests that a CSP expansion program is economically defensible at global GHG stabilization targets of 550 to 650 ppm CO 2 eq or lower (Enkvist et al. 2007; Kuik et al. 2009 ). Yet existing mitigation proposals imply stabilization (if any) at far higher levels (Sawin et al. 2009 ).
In the absence of biting, market-based mechanisms to reduce GHG emissions, "technology picking" via subsidization becomes the de facto mitigation tool. This is especially true in China and India, where, despite steps to slow the growth of emissions, aggressive domestic pricing of carbon appears practically impossible -at least in the near-term. Under these circumstances, high potential (e.g. combination of significant technical potential and opportunities for cost reductions) technologies like CSP are appealing because of their ability to radically and permanently transform energy supply.
But this potential, which rests largely on cost reductions achievable through manufacturing and deployment at scale, is only possible with long-term financial and political commitment that closes the cost gap, prioritizes projects, and reduces investment risk. Commitment to a long-term carbon tax of at least $30 per tCO 2 eq would probably be needed to spur the private sector investment required for widespread CSP deployment.
Without carbon pricing, however, subsidies equivalent to an implied carbon charge of ~$90 per tCO 2 eq are required to make CSP competitive with coal at present. That is a tall order for both developed world treasuries (which should be expected to provide at least some of the required concessionary financing) and the Chinese and Indian governments, especially given the political incentive to disperse subsidies across many industries -a strategy that may lead to limited cost reductions. Economy-wide carbon pricing will, hopefully, be politically feasible in China and India in the medium-term, but in the shortterm available subsidies should target options with the greatest long-term potential.
CSP is clearly a viable candidate for large-scale, transformational renewable power in China and India, but whether it will be among the short-list of politically preferred options remains an open question. Wind power has considerable technical potential along with an established manufacturing base and lower generating costs at present, though there are still many barriers to exploitation (Golait et al. 2009; McElroy et al. 2009; Li 2010) . Compared to CSP, photovoltaic power enjoys greater government support, though this is aimed as much at the development of manufacturing capacity for export as the displacement of domestic coal power.
Ultimately, what is needed is a vision of how these renewable energy technologies -which are essentially competing with each other for political favor and subsidies -can be integrated in the Chinese and Indian contexts to maximize economic and environmental benefits in the long-term. This study provides a first step in that direction. Further work exploring the spatial and temporal implications of large-scale CSP, photovoltaic, and wind deployment may identify opportunities to exploit complementarities and shared infrastructure, ultimately easing cost and constraints for all. An example in this vein is the effort of the U.S. Department of Energy, in collaboration with research labs and the private sector, to assess the full implications of large-scale wind and solar power adoption in the U.S. (DOE 2008; Lew et al. 2009 ).
Such information could be generated by the private sector in the presence of long-term carbon pricing but is sorely missed when industry subsidies are the primary means of directing markets. It will be difficult for the Chinese and Indian governments and international donors to make smart choices about the type and degree of renewable energy support without knowledge of the spatial, temporal, and technical patterns of deployment that would be most advantageous from a long-term, national perspective. Such analysis can help utilize scarce domestic and international clean technology financing more effectively, ultimately leading to a competitive advantage for renewable energy sources on the basis of cost alone.
